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stri s till one or two seconds after the es osure had been 

was larger than 5 seconch-10 seconds, for instance-the 
curves show that the error would increase nearly pro- 
portionally to the time of swing of the galvanometer. . I am not aware what was the timc of swing of tlie gnl- 
vaiiometer which Dr. Angstrom eniployed in his compari- 
sons, but I suppose it to haw becn of thc order of 3or 4 

ma B e. If, however, the time of swing of t i! e galvanometer 
seconds, which is that which we customarily employ in 
pyranonieter observations. If this is the case, I am of the 
opininn that i t  is quite impossible tha.t error of the order 
of 5 or 6 per cent, such as lie calls attention to, could have 
1:)een cine to this source. The tendency of the error is, of 
COIII’S~, to make our inst,rument read too low. Dr. Ang- 
strom does not say in what direction t.he discrepancy 
hetween the two inst,rument lies. 

FORECASTING T H E  WEATHER ON SHORT-PERIOD SOLAR VARIATIONS. 

1;y ( h A w . m  1:. h h R v l N .  (’hicf U. S. Weather Rrirea-1. 
[Washington, D. C., April 4, 193.1 

cit,ed helow, hrr. C‘lnyt,on 
claims he 1ia.s estnhlis ieil import m t  re1:itions het,wccii 
high and low vnlues of t,he ila,y-to-d:ij- int.cnsit.ies of solnr 
radiation, Eo’q as measured hy t,he Sniithsominn Insbitu- 
tion, chiefly at  Mount Wilson, C’nlif,, and C’nlania, (’hile, 
and the ralues of the mean t.cnipernt,ure at, Buenos Ares. 
By means of t.liese relnt,ions he claims material iniproyc- 
ments in forecasting the wenther are made possihle. 
These investigations are a11 ext.ension nf erwlier studies 
by which this aut.hor 2 entlrnrorec-1 to dio\v that the 
whole earth responds in n complex Init, defit1it.e nin.~iner 
to the small changes of a f w -  per rrnt, in t,he rechiccd 
values of solnr radiat.ion its niwsiir~11 nt Mount. Wilsoii, 
Calif. 

The forec.ast.ing mlue ant1 possil.)ilit.ies of I.;iin\vledgr 
such as Mr. (’lityton claims tu h a w  iliscloscd is olwiousjy 
rerp great! and im~iort.nnt, pwJi9k7~d  his d r / i n i . S  ut‘f f i ’uf.  
The writ.er, however, rluiclily hecn.nir firmly convinced, 
purely from hasic principlrs, that. hfr. C‘lnyton, who 
seems to regard t.he day-to-day chmips in thc observed 
vatlues of solar intensit.y a.rc mostly of Si.)liir origin, is 
quite in error. Indeccl, grmt l imn is being done to t>he 
cause of weather forecnstiy nnd the red  progress of 
science b? the wide clissemiiintioii of unrefutcd represcnt:i- 
t.ions of t.his charact,cr. 

The wholo mat.t,er seems t.o the writ.cr t.o he a case of 
tlie seemingly comp1et.e clisregnril in the discussion of 
data of the mat,eri:d errors of ohser\-nt>ioiis and of t,hc 
laws and operations of chsiice. Such :i course has 
necessarily result,ed in a gpve iiiisiiit~erpretnt~ii~ii of nn 
excellent mass of observ:it.ionnl data. Urged hy these 
convictions, t,he writer lins eli(l~ii~oreil t,o evdiinte. if 
possible, the iinnvoichhlc. rniidoni and p r t  idly lino~~-n 
dominant errors of me:isiireineiit.s of soler rdiiition. 
This study was approached wit.li ;t full belief in some 
solar variability. Tlir results, 111 nvever, unerliiivoc:dl~- 
show that tlie observed chiinges in clny-to-dny values of  
radiittion are very largely due t,o the aggregate of all the 
unavoidable soiirc’es of error of det~erminat,ion, all wholly 
terrestrial. The possilh frqiicnt rtlid irregular vnria- 
t.ions of solar intensity from d:ty t.0 clay or over a11 
interval of ti few days must, hc rl~inntit,at,iT-ely such it 
small fraction of 1 per cent, that, it can not I>c snt.isfsct.orilg 
evaluat,ed from t,he existhig c-1:i.t.z even inclutling those 
now being secured by t.he 1 1 w  pyrnnoniet.ric method of 
observation. Such \-nriataions. if any actually occur, must 
be so small as to he quite iiicc-)~~serlueiitisl as A cont.roUirig 
fac t,or of tlie wen tlier nricl t.enipernturr of to-niormw or 
the nest few clays. a t  any 1mrticul:w locslit,j-. 

The only cluestioii t.hc writer discusses in t,his paper is 
the changes of int,eiisity from dt7!/-fO-,/iI,!/ or from some 
tlnil?; value of intensity to t,he nest. il;iily rnlue ol-wrrecl 
a few days Inter. These are the i-:~rint~icm?; in ohserrcd 
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\dues which Mr. C‘lnvt.on has usctl as t.he basis of corre- 
1at.ion between solar htcnsitics iind tcmperat,ure changes 
at  Buenos dires. 

The writer particularly desires to aroid making nny 
st.atemcnt eit.her for or against, slow long- eriocl solar 
chtiiigcs, t.hnt is, chnnges over a few wee K -s, mor ths, 
sensons or years, for esaniple. He dist.inctly desires to 
lenw open t,he cinestion of regular or irregular changes of 
this chnrwter. The nianncr in M-hich terrestrial weather 
rrspi)ds t.o such changes c m  not, he int,elligent.ly dis- 
cussed unt.il suc~h clin.ncw h a w  been conclusively shown 
t,o ii(?c1ir nnc~ 1wcn nt, €‘past. fiLir1-y eralunt.ecl in nmount. 
A i  iiivcst.igation with t.his ohject in view is also in 
11”‘ )grcss. 

The red iluast.ioii nnw at, issue is simply t,he rarinbil.iity 
of tlnily i)r quite frequent) otscnw7 rnlues of solnr inten- 
sit.y out.sidc. t,hc e;irt.h‘s :kt,mospherc, and how much, if 
tiny, of this viiriut,ion is cinised by true solar changes 
niicl how much caused l>y errors of measurement and 
varying cleplet,ions of large masses of the nt,mosphere 
which tmnsniit all incoming radiation before measure- 
nicmt of it,s intensity. 

Seemingly, one of the most! direct, if not the best- 
methods of solving such a problem consists of a critical 
evaluation, bp nieans of well-known statistical methods, 
of the ~rnricrtton of the observat.ional dat a of which an 
excellent bodv of over 1,500 frequent values of intensity 
is now nvailaljle. 

Within the past few weks  t8he writer has made a 
somewhat hasty preliminary review of these d a h ,  and it 
aeenis proper to briefly mention in t.hk preliminary note 
cert,ain im ,ortmit facts which seem to stand out 

(1) The frequency diatribut,ion of the dnta is nearly 
Gaussittn, that is, i t  nearly conforms to the normal error 
curve of statistics. Therefore, the data may be discussed 
by the methods of least squares. 

(2) The distribution is not entirely elemental, but in 
this feature it reflects and justifies the composite make-up 
which the t h o T  of the variat,ions as espressed in equa- 
tion (1, below calls for. 

(3) There is oidy slight skewness in the dist,ributions, 
which varies a little in amount and kind (posit,ive or 
negative) according to t,he part,icular group of dat,a 
analyzed. The evidence from skewness justifies the 
assertion that for observations at Mt. Wilson, Calif. by 
the holographic niethod and on tlie average, c?cl.rrpm in 
transmission of the atmosphere during observations teiid 
to give a preponderance of slight,ly too low values of 
int,cnsity niid corres onclingly too high vdues of the 
coefficient of atmosp !i ieric t.ransmission. 
(4) (7hnnp  of transniission during observntions also 

cause great,er scatt.ering nncl dispersioa of values than 
would otherwise occur, t.hus .in1 iosing upon t,he dat,a 
many false variatioiis due entire 1 y to atmospheric, not, 
solar, causes. 

unequivoca il y. 
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( 5 )  Values of Eo versus Eo'.-The Astrophysical 
Observatory publishes two values of solar radiation 
intensity, designated, respectively, the reduced value 
Eo and the find value Eo'. The latter is derived from 
the former by the application of a secondary correction 
for water vapor found to be necessary because of a 
certain correlation where none should exist between Eo 
and weather and sky conditions a t  Mount Wilson. 
The values Eo are derived from the rieorous reduction 
of the observations according to the Langley-Bouguer 
theory. The secondary wa ter-vapor correction is a h y s  
additive and increases the value of Eo in the long run, 
and by trial it is found the correction does not reduce 
the scatterin or dispersion of the values of Eo as is 

of Eo most appro riate for fundamental studies of solar 
intensity data. %r. Clayton has used only values of 
Eo', but one value is ojust as good as the other for his 
particular studiqs. 
(6) The pnnci des of physics and laws of errors lead 

to the following il asic equation: 

required by t % e theory. The writer c.onsiders the values 

in which u is tmhe gross standard deviat.ion of the da.t,a 
due to all causes, that is u is the seniiparra.met,er of the 
Gaussian curve of best! fit to any group of n observhons 
which furnish the residuals 2v2; s is the part ?f the 
deviat,ion caused by solar changes, if any exist,; a IS t,he 
measure of the variat.ions due t,o purely atmospheric 
effects or controls, and ai. is t.hc part of t,he measure of 

The 
Ktter is the measure of errors caused by operat,ions 
udhin. th.e obsenwtorly as contrasted with a which arises 
.. only by what happens to the incoming radiation during, 
its transmission througl? the changing air mass. These 
two 1att.er causes of vanat,ions are wholJy terrestrial and 
can and often do esercise a powerful terrest,rial control 
on a single value of radiat,ion intmsity. 

Everyone will admit, we heliere, t.hat niaterial nnd 
finite values must h assigned to  a and i before we can 
speak in quantitative ternis of snlar variability, no 
matter what method of observat.ion is employed. Seem- 
ingly, no adequate effort to do this has et heen made. 

wholly negligible in sin le values of intensit yet, in 

observed values of radiation (or even the average of 
several values selected because they are estrcmt) are 
used in establishing correlations between cclkgud solar 
chan es and terrestrial weather. Results thus secured 

represented by the quantities a and i, and must there- 
fore be distrusted. 

If E, is the mean value, and if u is the standard devi- 
at.ion of a group of n obserrations, t.hen by least squares 
the probable error or probable variation, e, of a single 
daily value in percentage a.mount m i l l  be 

oss variation attributable t,o inst~rumental errors. 

It is clearly most improper to assume t. i- at  a niicl .i. are 

effect, this is necessariy 7 done when the d!&-to-day 

are cearly 5 clependent upon the errors of measurement 

.. ... . . 

0.6745 u it nis  large. (2) 

Now a ~ o s s  value of e resulting from all causes of 
variation is easily computed from the data. For good 
and bad observations, as a whole, it is found the value of 
e rarely esceeds f 1.3 per cent for bolographic observa- 
tions, at  Mount Wilson, Calif! whereas taking good and 
escellent observations c falls enerally below 1 per cent, 

of the yranometer in use a t  Calama, Chile, yields un- 

error of only 0.79 er cent, and less in later data. The 

for solar work to those a t  Mount Wilson, and the gross 
probable emor of a single value by the holographic 
method at  this station was only 0.94 per cent for all 
observations (247) July, 1915 to July, 1919. 

The smallness of these quantities alone signifies high 
intrinsic merit in  the observational data and furnishes 
a very narrow margin for frequent and irregular short- 
period solar variations. I n  fact, the solar radiation in- 
vestigations conducted by Dr. Abbot constitute a monu- 
mental research of the highest ossible order and com- 

made in this note have to do only with a question of 
the entire correctness of the interpretation put upon the 
irregular day-to-day and short-period changes in ob- 
served values. 

There is no evidence in Mr. Clayton's pa er that the 
inherent e i~ors  of observations of solar rdiation have 
been evaluated l y  him or considered in any way, and the 
suspicion is justified that the whole fabric of his corre- 
lations rests very largely upon the errors caused by ter- 
restrial controls in makine ohservat,ions of solar radia- 
t.ion a t  Mount Wilson. l % e  witer  has no comment to 
offer here on a chim which may be made that Mr. Clay- 
ton's work a t  least proves that there is a correlation 
bo tween Bucnns Aires temperatures and the undefined 
atmospheric states at  Mount Wilson associated with 
ex t'renies of solar intensities. 

This preliminary note is submitted a t  this time to 
justify and sup ort certain adverse criticisms made by 
the w-rit.cr in t,fe cliacussion of the paper read by Dr. 
dhbot at  the meeting of the Washington Academy of 
Scienccs .I January 29, 1920, presenting the results of 
Mr. Clayton's studies. 

uestion of short and long period solar 
variahility, an8  the terrestrial response thereto in terms 
of weather, is obriously one of great importance to ap- 
plied meteorology and to science in general. I t  is very 
necessary, therefore, that the s lendid observational 
work done by the .i4strophysical Jbsei-vatory be gener- 
ously supported and estencled, in order that the out- 
standing and unsettled questions of the correct inter- 
pretation of the observations may be brought to a con- 
clusion with which all students may agree. 

A more detailecl statement of the grounds for the 
writer's views and the statistical basis for his conclu- 
sions is in course of preparation and will be offered in 
the near future. 

and Dr. Abbot's new metho a of observation by means 

selectec P data (292 values) which show a gross probable 

sky conditions at  t P lis station appeay to be much superior 

mand only the admiration of a1. P The representations 

The whole 
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